The 
Introduction

miRNA biogenesis and mode of action miRNAs are endogenous small non-coding RNAs of about 18-24 nucleotides (nt) that are not translated into proteins but function as regulatory molecules. miRNAs bind to the 3'-untranslated region (3'-UTR) of their target mRNAs, thereby modulating gene expression at the post-transcriptional level [1, 2]. Whereas extensive complementarity to the so-called seed region (nucleotides 2-8 of the miRNA) is essential for the recognition of target mRNAs by miRNAs, the 3'-end of the miRNA appears to be less important and may contain mismatches. Due to their mode of action, miRNAs are in a good position to regulate gene expression in a tight spatial and temporal manner. In support of this, recent evidence indicates that miRNAs are involved in a variety of cellular processes, including differentiation, metabolism and apoptosis, as well as cardiogenesis and myogenesis
.
Most of the miRNAs are transcribed by an RNA polymerase II-dependent mechanism [8] , but there are also reports about RNA polymerase III transcribed miRNA genes [9] . Initially, miRNA genes are expressed as long primary transcripts (pri-miRNAs) of several hundred to several thousand nucleotides that contain internal hairpin structures. Within the nucleus, the hairpin structures are cleaved by the type-III RNase Drosha into ~70 nt stemloop precursor miRNAs (pre-miRNAs) , that display a characteristic 2 nt overhang at the 3' end [10] [11] [12] . This structure is exported to the cytoplasm, where pre-miRNAs are further processed by the type-III RNase Dicer [13] . The product of this cleavage is a ~21 nt double-stranded miRNA duplex consisting of the functional miRNA and the complementary miRNA* species. The stepwise processing in different cellular compartments allows a tight spatial and temporal regulation of miRNA expression [14] .
After Dicer cleavage, the miRNA:miRNA* duplex is unwound by a helicase, and usually only one strand of the duplex enters a multi-protein effector complex termed miRNA-containing RNA induced silencing complex (miRISC) [15] , whereas the passenger strand is degraded [16] [17] [18] . Once guided to a particular mRNA by the associated miRNA, RISC restricts the expression of the corresponding protein either by translational inhibition or by cleavage of the target transcript [19] . A high degree of sequence complementarity facilitates mRNA cleavage, whereas imperfect base pairing favours translational repression [1, 2] . While cleavage of the target transcript is the prevailing mechanism in plants [20, 21] , animal miRNAs silence gene expression primarily by blocking mRNA translation [2] . Interestingly, miRNA-mediated translational repression has also been shown to be reversible [22, 23] . Furthermore, a recent study suggests that miRNAs can even upregulate translation in cell culture under certain conditions, i.e. growth factor deprivation [24] . We refer to a number of excellent reviews for a more detailed description of miRNA biogenesis and regulation [1, 25, 26] .
Regulation of miRNA expression
Non-coding RNAs are abundant in the transcriptome of eukaryotes and also highly regulated in response to environmental cues [27] . Although most human miRNAs are genomically separated, some are located in clusters that are often transcribed coordinately as one unit [28] . Non-clustered miRNAs are encoded either within exons or introns of non-coding RNAs or within introns and exonic(intronic locations of protein-coding genes [29] . The expression of the latter is coordinated with the tissuespecific expression of the host gene [30] . Some [31, 32] . Remarkably, miRNA expression has recently been shown to be regulated also at the post-transcriptional level [33] . In this study, the authors investigated the processing and distribution of miR-138. They [35, 36] . A study using Dicer mutant zebrafish showed that disruption of miRNA maturation leads to severe defects in the morphogenesis of the brain and other organs [37] [42] . A second study revealed that inactivation of Dicer leads to progressive functional and structural degeneration in the retina [43] . Furthermore, Dicer loss in the striatum has also been reported to cause slow neurodegeneration [32] . Interestingly, late inactivation of Dicer in the striatum does not result in neurodegeneration, but nevertheless also leads to behavioural and neuroanatomical phenotypes [44] . Finally, loss of Dicer function in the cortex and hippocampus disrupts cellular and tissue morphogenesis [45] .
Together, these results illustrate the significance of Dicer and miRNAs in the CNS and indicate that misregulations of the miRNA biogenesis pathway might contribute to a variety of neurological disorders.
The function of individual miRNAs in post-mitotic neurons is just beginning to emerge. Interestingly, miRNAs are abundantly expressed in the adult brain where they might play a role in synaptic plasticity [35, 46, 47] . One of these miRNAs, miR-132, was identified in a screen for target genes of the activity-dependent transcription factor cAMP response element binding protein (CREB) [48] . CREB-dependent expression is important for neuronal morphogenesis, plasticity and survival. Intriguingly, the CREB target miR-132 was shown to be necessary for neuritogenesis, the preliminary stage of process outgrowth that precedes synapse formation. Since CREB-dependent transcription is required for neurite outgrowth [49] 
Spinal muscular atrophy
Spinal muscular atrophy (SMA) is a heritable neuromuscular disease with an incidence of 1:6000-10,000 and represents the leading genetic cause of death in childhood [61]. SMA affects primarily motoneurons of the anterior horn cells of the spinal cord, thereby leading to progressive muscle paralysis and atrophy [62]. Defects in RNA metabolism seem to underlie the SMA phenotype. The most common form of SMA is caused by mutations in the RNA-binding protein survival of motor neuron 1 (SMN1). SMN1 is a rather ubiquitously expressed protein and found both in the nucleus and the cytoplasm. It is part of a multi-protein complex and plays a role in various cell functions. The SMN complex is implicated in the assembly and transport of different classes of ribonucleoproteins (RNP), including small nucleolar RNPs, telomerase RNPs as well as transcription
and pre-mRNA splicing machineries [63] . Interestingly, components of the SMN complex are also found in miRNA containing RNPs [64] . Therefore, it is conceivable that miRNAs are involved in splicing, trafficking or translation of cargo mRNAs associated with the SMN complex. Future studies are necessary [72] . Moreover, an SNP-based genetic analysis identified an association of two miRNA loci with schizophrenia [73] . Although further validation of these correlations is necessary, they suggest a connection between miRNAs and schizophrenia.
Fig. 1 Working model for the role of miRNAs in local dendritic protein synthesis and spine morphology in CNS physiology and disease. Left: Dendritic miRNA recruits the RISC to the dendritic target mRNA, thereby inhibiting protein synthesis and restricting dendritic spine growth under conditions of low synaptic activity. Middle: Synaptic activation triggers release of neurotransmitters and neurotrophic factors, whose binding to the respective receptors leads to an activation of dendritic mRNA translation, presumably via post-translational modification (e.g. phosphorylation) and subsequent inactivation of inhibitory RISC components. Enhanced synthesis of miRNA-regulated proteins results in dendritic spine
Strong support for a link between schizophrenia and miRNAs is provided by a recent study [74] . The [80] . Most of the patients display a trinucleotide (CGG) repeat expansion of Ͼ200 repeats in the 5'-UTR, causing hypermethylation and gene silencing [81] . FMRP is an RNA-binding protein and part of the RISC multiprotein complex [82] [83] [84] [86] . Intriguingly, these alterations in spine morphology are similar to those observed upon miR-134 overexpression or Limk1 deficiency [87] . This finding suggests a connection between FXS and perturbed translation of miRNA targets, such as Limk1 (Fig. 1 
Triplet repeat expansion disorders Triplet repeat expansion disorders are a subset of genetic disorders caused by an abnormally increased number of trinucleotide repeats (e.g. glutamine repeats). The pathogenic expansion leads
Cancer in the CNS
Several findings indicate a role of the miRNA pathway in the development of different forms of cancers [90] [91] [92] . Interestingly, it was found that miRNA expression patterns of cancer cells represent a unique molecular fingerprint, which might be useful for the diagnosis or even prognosis of certain malignancies [93, 94] . In the context of the CNS, microarray analyses identified a set of miRNAs whose expression correlates with the appearance of a glioblastoma phenotype [95] . More specifically, overexpression of miR-21 was observed in human glioblastoma tumour tissues and several glioblastoma cell lines [96] . Interestingly, miR-21 seems to play a critical role in various solid tumours [97] [101] . In mice, systematic injection of antagomirs in nonneuronal tissues as well as local injection into the cortex yielded promising results [102] . In a recent study, it was demonstrated that LNA-antimiRs can safely and efficiently silence a miRNA in non-human primates [103] Tourette's syndrome miR-189 [60] Williams syndrome miR-134 [68] Rett syndrome miR-132 [71] Parkinson's disease miR-133b [32] Alzheimer's disease miR-107; miR-9, miR-124a, miR-125b, miR-128 [75, 78] 
